PERSONAX, AMBULATORY CELLULAR HEALTH MONITOR 



PRIOR APPLICATION 

The present application is a continuation in part of prior Application serial 
number 09/261,136 filed on March 3, 1999. 

FIELD OF THE INYENTION 

The present invention relates to patient monitoring systems in general, an in 
particular to apparatus and methods for monitoring a mobile patient's physiological 
condition and wireless reporting of same. 

BACKGROUND OF THE mVENTION 

Continuously monitoring a patient's physiological condition generally 
requires the patient's hospitalization, xisually at great cost^ especially ^vhere long term 
monitoring is required. In some circumstances a wide variety of out-padcnt monitoring 
devices may be used to monitor the physiology of patients who are physically outside of 
the hospital. Some out-patient monitoring devices have a limited range of operation^ 
requiring monitored patients to remain close to a receiving station and thus lurdting his 
mobihty. Other devices arc adapted for monitoring mobile or ambulatoty patients while 
they move about in a vehicle or on foot and have a wide range of operation. 

One such group of devices includes holter devices v/faich generally record a 
patient's physiological data^ such as the patient's ECG, during predetermined period of 
time for examination at later time. Other devices include event recorders. These devices 
provide for the capture of a patient's physiological data during a physiological "event," 
such as a cardiac arrhythmia or an episode of patient discomfort. These devices may be 
patient activated or activated autoxnatically w^hen physiological data are detected which 
meet predefined event criteria. 

Holter devices and event recorders typically require "fliat a patient return to 
the hospital periodically in order to transfer the recorded data. Some of these devices 
provide for transmission via telephone or other conimuuications fecilities to a remote 
location for interpretation by a clinician. These devices generally require additional 
commmucadons and medical testing devices to be present at patient location. In the case 
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of event recorders, unnecessary delay between event recording and transmission is often 
introduced where such additional devices are not present during tiie event. 

The mobility of high-risk patients must be weighed against the need to 
monitor a patient's location in order to provide a patient with emergency medical 
attention should a dangerous event occur. 

SUMMARY OF THE INVENTION 

Embodiments of the present mvention provide improved apparatus and methods for 
monitoring a mobile patient's physiological condition and reporting the patient's 
physiological data as well as the patient's location which overcome the disadvantages of 
the prior art 

An embodiment of the present mvention provides an improved ambulatory 
monitoring device which monitors a patient's physiological condition and location, 
contacts a central station, transmits tlie patient's physiological data and the patient's 
location coordinates to the central station, and provides voice communications between 
the patient and a cliniciaa at the central station. The monitoring may be initiated by the 
patient with or without a periodic reminder, may be initiated by the device itself, may be 
initiated by the clinician from central station without patient intervention or through 
instmction to the patient, and/or may be performed continuously. The coromuoication 
between the monitoring device and the central station may be initiated by the patient by 
the device itself, or by the clinician at the central station. 

There is thus provided in accordance with a preferred embodiment of the present 
invention ambulatory patient monitoring apparatus including a portable housing 
including at least one physiological data mput device operative to gather physiological 
data of the patient, location determination circuitry operative to determine geographic 
location information of the patient, cellular telephone communications circuitry for 
communicating the physiological data and the geographic location information to a 
central health monitoring station via a data communication network (e.g., PSTN> ISDN, 
LAN, WAN, Intranet, Internet, etc) or statioji, voice communications circuitry whereby 
the patient conducts voice communications with a clinician at the central health 
monitoring station, digital signal processing circuitry for processing signals associated 
with any of the physiological data input device, the location dctenrdnation circuitry, the 



cellular telephone commimioations circuitry, and the voice communications circuitry, 

and control circuitty for controlling any of tlie digital signal processing circuitry, the 

physiological data input device, the location determination circuitry, the cellular 

telephone communications circuitry, and the voice communications circuitry- 
Further in accordance with a preferred embodiment of the present invention the at 

least one physiological data input device is assembled within the housmg. 

Still further in accordance with a preferred embodiment of the present invention the 

at least one physiological data input device is at least partially external to the housing. 

Additionally in accordance with a preferred embodinxent of the present invention 

the external portion of the at least one physiological data input device is connected to the 

via housing via a connector. 

Moreover in accordance with a preferred embodiment of the present invention the 

location determination circuitry includes GPS circuitry. 

Further in accordance with a preferred embodiment of the present invention the 

control circuitry operates the physiological data input device continuously. 

Still further in accordance with a preferred embodiment of the present invention 

the control circuitry operates the physiological data input device upon initiation by the 

patient. 

Additionally in accordance with a preferred embodiment of the present invention 
the control circuitry iacludes a memory for storing any of the physiological data. 

Moreover in accordance with a preferred embodiment of the present invention the 
control circuitry is operative to simultaneously store a first portion of the physiological 
data in the memory in FIFO fashion and a second portion of the physiological data in the 
memory that is write-protected with respect to the first portion. 

Further in accordance with a preferred embodiment of the present invention the 
memory includes preset parameters adapted for comparison with the physiological data- 
Still further in accordance with a preferred embodiment of the present invention 
the control circuitry is operative to determine whetiiea: the physiological data axe within 
the preset parameters. 

Additionally in accordance witii a preferred embodiment of the present invention 
the control circuitry is operative to initiate contact with the ceutr al health monitoring 
station when the physiological data are determined to be outside of the preset parameters. 



Moreover in accordance with a prefeixed embodiment of the present invention the 
memory includes preprogrammed instructions for output to the patient via either of a 
display and a speaker. 

There is also provided in accordance with a preferred embodiment of the present 
invention a system for monitoring a patient, the system including a central health 
monitoring station, and a portable housing for use by the patient, the portable housing 
including at least one physiological data input device operative to gather physiological 
data of the patient, location determination circmtry operative to determine geographic 
location information of the patient, cellular telephone communications circuitry for 
commimicating tlie physiological data and the geographic location information to the 
central health monitoi-ing station, voice communications circuitry whereby the patient 
conducts voice coxnmunications with a clinician at the central health monitoring station, 
digital signal processing circuitry for processing signals associated with any of the 
physiological data input device, the location determination circuitry, the cellular 
telephone communications circuitry, and the voice commimications circuitry, and control 
circuitry for controlling any of the digital signal processing circuitry, the physiological 
data input devicCj, the location determination circuitry, the cellular telephone 
communications circuitry, and the voice conmiunications circuitry. 

There is additionally provided in accordance with a preferred embodiment of the 
present invention a method for monitoring a patient, the method including providing a 
portable housing for use by the patient, the portable housing including at least one 
physiological data input device operative to gather physiological data of the patient 
location determination circuitry operative to determine geographic location information 
of the patient, cellular telephone communications circuitry for communicating the 
physiological data and the geographic location information to the central health 
monitoring station, voice communications circuitry whereby the patient conducts voice 
communications with a clinician at the central health monitoring station, digital signal 
processing circuitry for processing signals associated with any of the physiological data 
input device, the location determination circuitry, the cellular tel^hone communications 
circuitry, and the voice coixmmnications circuitry, and control drcmtty for controlling 
any of the digital signal processing circuitry, the physiological data mpvl device, the 
location determination circuitry, the cellular telephone communicatioiis circuitry, and the 



voice communications circuitiyj gathering physiological data of the patient, determining 
the geographic location of the patient, and communicating the physiological data and the 
geographic location to the central health monitoring station. 

Further in accordance with a preferred embodiment of the present invention the 
method further includes analyzing the physiological data, and providing a response based 
on the physiological data. 

Still flu-tlier in accordance with a preferred embodiment of the present invention 
the gathering step is performed in response to activation by the patient. 

Additionally in accordance with a preferred embodiment of the present invention 
tlie metlaod fmther includes activating an alarm prior to the activation by the patient. 

Moreover in accordance with a preferred embodiment of the present invention the 
gathering step is performed independently from activation by the patient 

Further in accordance with a preferred embodiment of the present invention the 
gathering step includes storing the physiological data in a memory. 

Still further in accordance with a preferred embodiment of the present invention 
the communicating step is performed in. response to activation by the patient 

Additionally in accordance with a preferred embodiment of the present invention 
the communicating step is performed independently fi'om activation by the patient upon 
the memory becoming full. 

Moreover in accordance v^th a preferred embodiment of the present invention the 
method further includes clearing a portion of tlae memory corresponding to the 
physiological data that has been communicated to the central health monitoring station. 

Further in accordance with a preferred embodiment of the present invention the 
storing step includes simultaneously storing a first portion of the physiological data in 
the memory in FIFO fashion and a second portion of the physiological data in the 
memory that is write-protccted with respect to the first portion. 

Still further in accordance with a preferred embodiment of the present invention 
the communicating step includes establishing a commuiucations link with the central 
health monitoring station in response to activation by the patient. 

Additionally in accordance with a preferred embodiment of the present invention 
the conptmunicating step includes establishing a commojmcations link with the central 



health monitoring station in response to an incoming communication from the central 
health monitoring station. 

Moreover in accordance with a preferred embodiment of the present invention the 
communicating step includes detenxiining whether the physiological data are outside of 
preset parameters, and establishing a coinmunicatioxis link with the central health 
monitoring station when the physiological data are determined to be outside of the preset 
parameters. 

Further in accordance witii a preferred embodiment of the present invention the 
providing a response step includes voice-commxmicating an instruction to the patient. 

Still ftirther in accordance with a preferred embodiment of ^e present iavention the 
providing a response step includes providing the patient's location to medical emergency 
personnel and dispatching the personnel to the patient's iocation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciated more fiilly from the 
following detailed description taken in conjunction with the appended drawings in which: 

Fig, 1 is a simphfled pictorial illustration of a personal ambulatory cellular 
health monitor, constructed and operative hi accordance with a preferred embodiment of 
the present invention; 

Figs. 2A-2C is a simplijaed block diagram illustration of the personal 
ambulatory cellular healfli monitor of Fig. 1, constructed and operative in accordance with 
a preferred embodiment of the present invention; 

Fig. 3 is a shnplified block diagram illustration of voice processing subsystem 
400 of Fig. 2, constructed and operative in accordance with a preferred embodiment of the 
present invention; 

Fig, 4 is a simplified block diagram illustrating end-to-^nd communications 
between monitor 12 and a central medical monitoring station, constructed and operative in 
accordance with a preferred embodiment of the present invention; 

Fig. 5 is a simplified flowchart illustration of the operation of monitor 12 in 
event recording mode activated by patient, operative in accordance with a preferred 
embodiment of the present invention; 

Fig. 6 is a simplified flowchart illustration of the operation of monitor 12 in 



event recording mode activated remotely by aa operator at a central medical monitoring 
station, operative in accordance with a preferred embodiment of the present invention; 

Fig. 7 is a simplified flowchart illnstration of the operation of monitor 12 in 
event recoi'ding mode activated by the patient pursuant to an alarm, operative in 
accordance with a preferred embodiment of the present invention; 

Fig. 8 is a simplified flowchart illustration of the operation of monitor 12 in 
combination continuous recording mode and patient-activated event recording mode, 
operative in accordance with a preferred embodiment of the present invention; 

Fig. 9 is a simplified flowchart illustration of the operation of monitor 12 in 
continuous recording mode with a device-activated event recorder;, operative in 
accordance with a preferred embodiment of the present invention; and 

Fig. 10 is a simplified flowchart illustration of the operation of monitor 12 in 
continuoiis recording holter-mode with a device-activated or patient-activated data upload, 
operative in accordance with a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

In the following description, various aspects of the present invention will be 
described. For purposes of expIanatiocL, specific configurations and details are set forth 
in order to provide a thorough understanding of the present invention. However, it will 
also be apparent to one skilled in the art that the present invention may be practiced 
without the specific details presented herein. Furthermore, well known features may be 
omitted or simplified in order not to obscure the present invention. 

Reference is now made to Fig. 1 which is a simplified pictorial illxistration of a 
persona] ambulatory cellular health monitor, constructed and operative in accordance with 
a preferred embodiment of the present invention. A patient 10 is shown wearing a personal 
ambulatory cellular health monitor 12 which preferably monitors the physiological 
condition of patient 10, records physiological data^ and transmits some or all of the data, as 
well as patient lO's locatiort, via a cellular telephone network and possibly a data network 
to a central medical monitoring station (not shown). Momtor 12 pieferably includes a 
microphone 405, a speakea: 406, a display 606 and a keypad 607. Momtor 12 is preferably 
adapted to be connected to one or more physiological data input devices such as an 



electrocardiographic (ECG) input device, generally designated 14, havitig one or more 
ECG electrodes 105 each, connected by a wire 16 to a terminus 18 which is connected to 
monitor 12, Other physiological data input devices Icnown in the art may likewise be 
connected to monitor 12 or otherwise built into monitor 12, as is described in greater detail 
herembelow with reference to Fig. 2, including devices for monitoring blood oxygen 
satuiation, respiration, blood glucose, blood pressure, limg fbnetioix, SpO^ saturation, 
and temperature. 

Additional reference is now made to Fig. 2 which is a simplified block diagram 
illustration of the personal ambulatory cellular health monitor 12 of Fig. 1, constructed and 
operative ui accordance with a preferred embodiment of the present invention. Monitor 12 
typically includes a medical subsystem 100, a personal location subsystem (PLC) 200, a 
digital sigxxal processing (DSP) subsystem 300, a voice processing subsystem 400, a 
radio subsystem 500 and a control subsystem 600. 

Medical subsystem 100 typically includes one Or more built-in and/or 
external physiological sensors and associated electronic signal conditioning circuits and 
a set of sejisors. Built-in sensors may include for example a finger optical sensor 118 for 
Sp02, a sensor 122 for measuring blood glucose, a temperature sensor 120, and ECG 
electrodes 105 A or other sensors. 

External sensors for plug-in connection to monitor 12 may include, for 
example, EEG electrodes 101, ECG electrodes 105, a pressure cutf 110 for measuring 
NIBP, and an air flow sensor 114 for measuring spirometry or other sensors. EEG 
electrodes 101 and ECG electrodes 105 are equipped with connector plugs 102 and 106 
respectively which may be identical for connection to monitor 12 via a single receptacle 
connector 107. Connector 107 may include an electronic circuit which automatically 
recognizes which of EEG electrodes 101 and ECG electrodes 105 is plugged in a 
receptacle 107. Pressure cuff 110 also typically includes a plug 111 designed to be 
comiected to a receptacle 112, as does flow sensor 114 typically include a plug 115 
designed to be connected to a receptacle 116. The receptacles 107, 112, 116 and the 
plugs 102, 106, 111 and 115 are typically in communication through electrical wires. In 
another embodiment of the invention the receptacles 107, 112 and 116 and plugs 102, 
106, 111 and 115 communicate wirelessly tibrough a radio fieqxieacy (RF) 
transmitter/receiver or through an optical contact 
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An EEG amplifier circuit 103 coimected to EEG electrodes 101, typically 
eight BEG electrodes, captures EEG signals, amplifies and noimaU^es the signal, and 
provides the normalized signal to an EEG channel multiplexer (MUX) 104 which in turn, 
provides the nomialized signals to a multiplexer and analog to digital converter circuit 
(MUX& A/D) 124, 

An EGG amplifier circuit 108 cormected to ECG electrodes 105, typically 
two or more ECG electrodes, captures ECG signals, amplifies and normalizes the signal, 
and provides the normalized signal to MUX & A/D 124. 

ECG electrodes 105 are also preferably coimected to a respiration circuit 109 
which measures the AC voltage drop between ECG electrodes 105, amplifies the voltage 
drop, and normalizes the signal. Circuit 109 then provides the normahzed signal to 
MUX&A/D 124. 

An NIBP circuit 113 coimected to pressure cuff 110 captures a blood 
pressure signal, amplifies and normalizes the signal, and provides the normalized signal 
to MUX&A/D 124. 

An air flow amplifier 117 connected to air flow sensor 114 captures an air 
flow signal, amplifies and normalizes the signal, and provides the normalized signal to 
MUX&A/D 124. 

An Sp02 circuit 119 connected to finger sensor 118 captures an oxygen 
saturation signal^, amplifies and normalizes the signal, and provides the normalized 
signal to MUX & A/D 124. 

A temperature circtdt 121 connected to temperature sensor 120 captures a 
temperature signal^ amplifies and normalizes the signal, and provides the normalized 
signal to MUX & A/D 124. 

A glucose circuit 123 connected to sensor 122 captures a blood glucose 
signal, amplifies and normalises the signal, and provides the normalized signal to MUX 
&A/D 124. 

Signals received at MUX & A/D 124 are digitized and provided to DSP 
subsystem 300 where they are processed using known techniques and stored in a RAM 
memory 602. 

The personal location subsystem (PLC) 200 detemiined liie location of 
patient 10. PLC subsystem 200 preferably includes known location determination 



circuitry such as GPS components including a GPS receiver 202 and a filter 201 which is 
tuned to a icnown GPS frequency for GPS sateUite commumcation via a built-in antenna 
501 typically shared by radio subsystem 500. PLC subsystem 200 preferably receives the 
pseudo range (PR) and pseudo range dot (PRD) from GPS satellites in connntmication 
range. The GPS receiver preferably operates m aided mode enabling "snapshot" 
operation as is known in GPS systems. Patient lO's position and velocity data is 
preferably transmitted via radio subsystem 500 to a central medical monitoring station 
together v/ith measured physiological data as is described in greater detail hereinbelow. 
PLC 200 preferably determines tlie patient's location once monitor 12 is in contact with 
the central medical monitoring station, such as when contact is established by the patient, 
a clinician at the central medical monitoring station, or automatically by monitor 12 
diiring a patient event or otherwise as is described in greater detail hereinbelow with 
reference to Figs. 5 - 7B. The location information determined by GPS receiver 202 may 
be stored in memory 602 or may be transmitted immediately once the patient's location 
is determined. 

Data stored in RAM memory 602 may be transmitted immediately upon 
receipt at memory 202 or at a later time via radio subsystem 500 to a central medical 
monitoring station for analysis by a physician or clinician. Radio subsystem 500 
typically includes cellular telephone commuincations circuitry including a filter 502, a 
power amplifier 504, a frequency up-converter 506, an amplifier 508, and a GMSK 
modulator 510 which generates, modxxlates, and amplifies a signal for transmission via 
antenna 50 L Radio subsystem 500 also typically includes a filter 503 and an amplifier 
505 which filters and amphfies incoming signals received via antemia 501. The signal is 
then processed at a frequency down-converter 507, an intermediate reception amplifier 
509, an4 a filter 511, whereupon the processed incoming signal is provided to voice 
processing subsystem 400 for output. A synthesizer 512 may also be provided which, in 
conjunction with frequency up-converter 506 and frequency down-converter 507, 
performs the frequency conversions required for signal transmission and reception 

Control subsystem 600 typically includes control ckouitry including a data 
MUX/DEMUX 601 which provides simultaneous multiple analog data obaimel 
conversion to digital data and vice versa, RAM memory 602, a ROM memory 603, a 
microprocessor 604, interfiace fiinctioxi circuitry 605 via which, microprocessor 604 
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communicates with the various subsystems, display 606, keypad 607, a subscriber ID 
608 for cellular telephone identification such as is known with GSM systems, an alami 
609, and a service request decoder (SRQ) 610 which decodes incoming signals (firom the 
central monitoring station) to determine if the signal is a voice communication or a 
control sigxxal and, if the latter, informs microprocessor 604 of the incoming conttol 
signal and the nature of the control instructions, such as data download, data upload, etc. 
Microprocessor 604 preferably coxxtcols the operation of monitor 12, including medical 
subsystem 100, PLC subsystem 200, DSP subsystem 300, voice processing subsystem 
400, and radio subsystem 500. Control subsystem 600 also manages common resources 
such as DSP subsystem 300, Data MUX/DBMXJX 601, RAM memoiy 602, and ROM 
memory 603 among the various subsystems, and controls data flow between subsystems. 

Monitor 1 2 is typically powered by a battery 700 and a power supply 70 1 . 

Additional reference is now made to Fig. 3 which is a simplified block 
diagram illustration of voice processing subsystem 400 of Fig. 2, constructed and operative 
in accordance with a preferred embodiment of the present invention. Voice processing 
subsystem 400 typically voice communications circuitry including a demodulator 401, a 
channel coder/decoder 402, a GSM voice coder (vocoder) 403^ microphone 405, speaker 
406, an analog-to-digital converter (ADC) 404, and a digitai-to-analog converter (DAC) 
407- Signal received by radio subsystem 400 are demodulated at demodulator 401, 
decoded at channel coder/decoder 402, processed at voice coder 403, converted to analog 
signals at DAC 407, and output via speaker 406. Voice signals input via microphone 405 
are digitized at ADC 404, processed at voice coder 403, channel encoded at channel 
codex/decoder 402, and provided to data MUX/DEMUX 601 and finally to digital 
OMSK modulator 510 for transmission via radio subsystem 500. 

Reference i$ now made to Fig, 4 which is a simplified block diagram 
iUustrating end-to-end conamunication between monitor 12 and a central medical 
monitoring station 20, constructed and operative in accordance with a preferred 
embodiment of the present invention. Monitor 12 typically communicates with central 
medical monitoring station 20 via, for example, a cellular telephone network system 22 
and possibly a data network such as a commimication network 24 or via a public 
switched telephone network (PSTN)- Communication network 24 may include, for 
example, ISDN, LAN, WAN, TV cable, Intranet, ox the Internet. The monitor 12 and/or 
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central medical momtoring station 20 typically has an IP address. 

Central station 20 typically comprises conventional communications and data 
processing means for supporting voice and data communications with monitor 12 and 
patient 10. Patient 10 may communicate by voice channel via monitor 12 with a chnician 
26 who is located at the central station 20. Monitor 12 may send and/or receive data to 
and/or central station 20 via a data communications channel. The clinician 26 may 
contact emergency medical personnel 28 and give them the patient's condition and 
location. The clinician 26 may also alert the patient's physician 30, 

Monitor 12 typically operates in any of the following modes: 

1. Event recordmg activated by the patient, either at the patient's mitiative, the 
clinician's initiative, or pursuant to an alarm, where the patient performs one or more 
tests and transmits the data to the central station. In this mode the central station may 
be contacted at the beginning of the event for data transmission during the event or at 
the conclusion of the testing; 

2. Continuous momtoring where physiological data are captured continuously and 
stored in memory for later transmission. Continuous monitoring may be provided in 
any of the following ways: 

• Patient-activated event recorder where pre-event/event/post-event data are 
transmitted to the central station; 

• Device-activated event recorder where physiological data are detected which fall 
outside preset parameters; 

m Holter-mode where data axe transmitted automatically when memory becomes 
full, allowing memory to be cleared and monitoring to continue uninterrupted; and 

• Holter-mode where data are transmitted by patient at any time, allowing memory 
to be cleared. 

Reference is now made to Fig- 5 which is a simplified flowchart illustration of the 
operation of monitor 12 m event recording mode activated by patient, operative in 
accordance with a preferred embodiment of the present invention. In this mode monitor 
12 is used by the patient to perform one or more types of physiological testing such as 
those described hereinabove. The result of the tests are recorded in RAM memory 602 
(Fig. 2), 

The patient then establishes a communications link between monitor 12 and a 
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oentxaJ medical monitoring station 20 by, for example, dialing via keypad 607 and 
placing a cellular telephone call which is then transferred to the public telephone 
network by a cellxilar provider or to a data network system such as ISDN, LAN, WAN, 
TC cable, Intranet or Internet through the appropriate servers. Typically, both the 
5 monitor 12 and a central medical monitoriog station 20 have IP addresses, aad may 
transfer data via known methods. For example, the monitor 12 may use its celMar 
capability to contact a cellular base station. Any known cellular data Unk may be use4 
for example, GSM, CDMA, WCDMA, 2G4-, CDMA2G00, etc. The base station 
transfers the cellular connection to the cellular provider network, which topically 
10 includes a gateway. The gateway may connect to, for example, an IP network such as 
the Internet, or to a PSTN, If connecting to the medical monitoring station 20 by IP 
{1 netv^^oik, the gateway uses the IP address of the medical monitoring station 20. If 
connecting via PSTN or other conventioiial telephone system, the gateway may use a 
f1 conventional telephone number assigned to the medical monitoring station 20, and the 
;f!i5 medical monitoring station 20 may include modems. Other methods may be used to 
U connect the cellular provider and the medical monitoring station 20, 

The medical nxonitoring station 20 typically includes software capable, in response 
I j to data sent to its IP address, telephone number(s), or other address, to accept the data 
'^5 and transfer the data to the appropriate storage or processing modules. 

ip20 When a clinician at the receivmg station answers a telephone call from the 

''''^ clinician and patient may communicate by voice. Typically voice and data 

communications do not take place at the same time. 

The patient may also send the stored data of the test results, as well as the patient's 
current location as determined by PLC subsystem 200. The clinician at the receiving 
25 station may analyze the patient's physiological data and may instruct the patient 
regarding any actions the patient should take and/or may notify emergency medical 
personnel of the patient's present location and dispatch them to come to the patient's aid. 

Reference is now made to Fig. 6 which is a simplified flowchart illustration 
of the operation of monitor 12 in event recording mode activated remotely by an operator 
30 at a central medical monitoring station, operative in accordance with a preferred 
embodiment of the present invention. In this mode monitor 12 is in a standby mode in 
which it is able to receive and automaticaily answer a caU from a central medical 
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monitormg station via cellular network possibly connected to a data network such PSTN, 
ISDN, LAN, an intranet or the Internet, The server of the network commutucates with 
the cellular phone provider which transfers the call to the patient monitor, possibly 
through the use of an IP address. A clinician at central station connects to monitor 12 and 
5 sends a control signal with instructions for control system 600. In some cases a clinician 
may request voice communication session with the patient so as to instructs flie patient to 
perform one or more physiological tests such as breathings inhaling or exhaling. The 
patient performs the tests and sends the test data, in addition to the patient's current 
location, to the central station. In other cases a clinician may request the commmiication 
10 with monitor 12 without patient intervention, thus, a control signal operates monitor 12 
to perform the required physiological test and download the data to the central station. 

I'a As above, the clinician at the receiving station may analyze the patient's physiological 
data and may instruct the patient regarding ai^y actions the patient should take and/or 

^""1 may notify emergency medical personnel of the patient's present location and dispatch 

-.^ l^ 5 them to come to the patient's aid. 

Reference is now made to Fig. 7 which is a simplified flowchart illxastration 

I of tlie operation of monitor 12 in event recording mode activated by the patient pursuant 

,,i to an alamL, operative in accordance with a preferred embodiment of the present 

invention. In this mode monitor 12 is preprogrammed to activate alarm 609 (Fig. 2) at a 

^520 specific time or at a timed interval, calculated using microprocessor 604 's internal clock, 

■ in order to periodically remind the patient to perform one or more tests. Which tests to 

perform, as well as instructions for performing the tests, may api>ear on display 606 or 
may be heard via speaker 406 in accordance with preprogrammed instructions. The 
patient then performs the tests according to the irLStructions. Once the tests are 
25 completed, or at preset times or elapsed intervals, monitor 12 contacts the central station 
as described above and transmits the recorded physiological data and the patient's 
current location. 

Reference is now made to Fig. 8 which is a simplified flowchart illustration 
of the operation of monitor 12 in combination continuous recording mode and 
30 patient-£u:tivated event recording mode, operative in accordance with a preferred 
embodiment of the present invention. In this mode monitor 12 continuously performs 
one or more tests and records the test data in RAM memory 602. Since RAM memory 
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602 is limited, data are stored in FIFO fashion, such that once RAM 602 becomes full, 
additional data are written over the oldest recorded data. The patient, sensing 
discomfort, presses a button on keypad 607 to indicate a patient-activated event. The 
data recorded during the patient-activated event are recorded in an area of RAM memory 
that is set aside such that it is write-protected with respect to data recorded prior to and 
subsequent to the event and will not be overwritten once the event concludes, either after 
a predetennined elapsed time, after the patient signals the conclusion of the event, or 
upon receiving a sigijial from the central station. Once the patient initiates the 
patient-activated event monitor 12 automatically connects to the central station and 
transmits the data recorded during the event. Monitor 12 may additionally transmit data 
recorded immediately prior to the event> such as the 60 seconds of data recorded prior to 
the event or any other preset length of time prior to the event, in addition to transmitting 
tire patient's current location. Additionally or alternatively, any or all data recorded prior 
to the event and contained in RAM 602 may be transmitted to the central station. Tliis 
will allow the clinician to compare pre-event data with event data, thus providing a 
comparison that may be more useful than event data alone. Monitor 12 may additionally 
traasmit post-event data for a predetermined length of time or until the patient or the 
clinician instructs otherwise. 

Reference is now made to Fig. 9 which is a simplified flowchart illustration 
of the operation of monitor 12 in continuous recording mode with a device-activated 
eveut recorder, operative in accordance vAth a preferred embodiment of the present 
invention. In this mode monitor 12 performs one or more tests continuously- The 
patient's physiological condition is continuously monitored and the data are compared to 
preset parameters and recorded. If the data is falls outside the preset parameters monitor 
12 automatically contacts the central station as above and sends the recorded data as well 
as the patient's current location* allowing the clinician to analyze the data and take 
measures. 

Reference is now made to Fig. 10 which is a simplified flowchart illustration 
of the operation of monitor 12 in continuous recording holter-mode with a 
device-activated or patient-activated data upload, operative in accordance with a 
preferred embodiment of iJie present invention. In this mode monitor 12 perfbmis one or 
more tests continuously. The patient's physiological data are continuously recorded. If 
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memory becomes full monitor 12 automatically contacts the central station and uploads 
the data in memory, allowing memory to be cleared and monitoring to continue 
uninterrupted* Additionally or alternatively, the patient may initiate contact and data 
upload at any time, thus allowmg memory to be cleared, 
5 It is appreciated that in any of the above embodiments a clinician may 

remotely change preset parameters stored in monitor 12 and may access a patient's 
recorded physiological data without patient intervention. It is also appreciated that any 
preprogrammed, predetermined, atid preset instructions, information, parameters, and 
criteria described hereinabove with reference to monitor 12 may be stored in ROM 
1 0 memory 603 and/or RAM memory 602, as is well known in the art. 

It is appreciated that various features of the invention which are, for clarity, 
described in the context of separate embodiments may also be provided in combination 
in a single embodiment. Conversely, various features of the invention which are, for 
brevity, described in the context of a single embodiment may also be provided separately 
on in any suitable combination. 

It will be appreciated by persons skilled in the art that the present invention 
is not limited to what has been particularly shown and described hereinabove. Rather, 
the scope of the present invention is defined only by the claims that follow: 



m 
m 
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